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An outbreak of myocarditis occurred among adults in
Illinois in 2003. Diagnostic testing of myocardial tissues
from 3 patients and comprehensive tests for enterovirus
and adenovirus of other specimens from patients were
inconclusive. Appropriate specimen collection from patients
with idiopathic cardiomyopathy and further enhancement of
diagnostic techniques are needed.
A
cute myocarditis is characterized by inflammatory
infiltrates of the myocardium. Disease has been attrib-
uted to multiple infectious and noninfectious causes, but
viruses, particularly the enteroviruses group B coxsack-
ievirus and echoviruses, are believed to be the most com-
mon agents of infection in the United States (1). An
infectious cause of myocarditis is usually suspected when
unexplained heart failure or arrhythmia occurs in a person
with a systemic febrile illness or upper respiratory tract
infection. Acute myocarditis is typically sporadic,
although clusters have been reported during outbreaks of
viral disease (2,3). Most cases are idiopathic without a
known cause (1). Myocardial biopsy specimens used for
pathologic examination, the conventional standard for
diagnosis (4,5), have been considered difficult to collect in
nonfatal cases. Viruses are infrequently cultured from tis-
sue specimens, although viral nucleic acid identification
by polymerase chain reaction (PCR) assays on myocardi-
um has recently enhanced viral detection (6–8). Viral sero-
logic tests and PCR assays of blood, stool, urine, and
nasopharyngeal specimens are adjunctive techniques for
diagnosing myocarditis that have not been validated.
On March 21, 2003, the Kane County Health
Department was notified about 6 cases of presumptive
myocarditis and 1 case of pericarditis that occurred in
patients hospitalized in Kane County, Illinois, within a 2-
week period from February 26 to March 10. Five case-
patients were <50 years of age, 1 of whom died within 24
hours of hospitalization. Five of the 6 case-patients were
hospitalized at hospital A. Illinois Department of Public
Health (IDPH) and Kane County Health Department initi-
ated an investigation to identify additional cases and deter-
mine the cause of illness. 
The Study
On March 22, IDPH distributed a notice describing the
cluster of myocarditis cases to local health departments
and healthcare providers in Illinois and requested urgent
reporting of similar cases. At hospital A, where most of the
initial cases were diagnosed, active surveillance was insti-
tuted for patients with a clinical syndrome consistent with
myocarditis or pericarditis or an upper respiratory tract ill-
ness with profound fatigue or disproportionate shortness of
breath of >2 weeks’ duration. For patients with suspected
cases, a testing protocol was implemented, which included
a 2-dimensional echocardiogram; electrocardiogram; chest
radiograph; measure of serum cardiac enzymes; complete
blood count; nasopharyngeal, stool, and urine samples for
enterovirus assays; and acute- and convalescent-phase
serologic testing for enterovirus.
Areview of all records for patients with discharge diag-
noses of myocarditis or cardiomyopathy at all 5 hospitals
in Kane County from October 1, 2002, through March 31,
2003, was conducted to find unreported cases of myocardi-
tis. Persons with ischemic, alcoholic, postpartum, or
chronic cardiomyopathy were excluded. To determine the
background number of myocarditis cases for all patients
<50 years of age in Kane County, a database search of
medical records during the preceding 2-year period
(October 1, 2000 to September 30, 2002) at all 5 hospitals
was performed by principal International Classification of
Diseases, 9th revision (ICD-9) discharge diagnosis codes
(Appendix).
A case of myocarditis was defined as 1) a person with
myocarditis diagnosed by electrocardiogram, echocardio-
gram, or cardiac catheterization, which indicates the pres-
ence of unexplained arrhythmia or decreased ejection
fraction without apparent cause or 2) myocardial inflam-
matory infiltrates on tissue pathologic examination by
using the Dallas criteria (9) or 3) viral isolation or nucleic
acid identification in myocardial tissue specimens in per-
sons living in northern Illinois from October 1, 2002,
through May 30, 2003.
Medical records of patients were reviewed, and physi-
cians who treated case-patients were interviewed when
available. Information was collected about patient demo-
graphics; antecedent illness; underlying medical condition;
exposure to toxins, pets, or ill persons; recent travel; and
smallpox vaccination history.
Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 11, No. 10, October 2005 1621
*Centers for Disease Control and Prevention, Atlanta, Georgia,
USA; †Illinois Department of Public Health, Chicago, Illinois, USA;
‡Kane County Health Department, Aurora, Illinois, USA;
§California Department of Health Services, Richmond, California,
USA; and ¶University of Illinois, Chicago, School of Public Health,
Chicago, Illinois, USAThe results of echocardiograms and routine specialized
laboratory tests, including enterovirus complement-fixa-
tion serologic screening, conducted by physicians who
evaluated patients at hospitals, were recorded.
Nasopharyngeal, urine, and stool specimens from patients
were cultured for enterovirus at the IDPH laboratory. Any
available serum and myocardial tissue specimens from
patients were tested at the California Department of Health
Services Viral and Rickettsial Disease Laboratory by using
real-time PCR nucleic acid amplification (Amersham
Eclipse, Piscataway, NJ, USA) and immunoglobulin M
(IgM) enzyme immunoassay for detecting enterovirus and
adenovirus (10,11).
Pathology reports on autopsy specimens from patients
with fatal cases and myocardial biopsy specimens from
patients with nonfatal cases were reviewed. Formalin-
fixed, paraffin-embedded tissue from the autopsy of 1
available patients was submitted to the Centers for Disease
Control and Prevention (CDC) Unexplained Deaths and
Critical Illnesses (UNEX) Laboratory for Gram and calci-
um staining, enteroviral 5′ noncoding region gene PCR
assay, and immunohistochemical staining to detect
enterovirus, cytomegalovirus, influenza A, influenza B,
and hantavirus.
Sixteen cases, 1 of which (that of patient 8) was recog-
nized through retrospective medical record review, were
identified. All patients were hospitalized and admitted
between January 28 through April 7 (Figure 1), and 13
patients (81%) were adults <50 years of age. Six (38%) of
the 16 patients were hospitalized at hospital A during
January through March. For comparison, the number of
diagnoses of myocarditis in patients <50 years of age (16
patients) from October 1, 2000, to September 30, 2002,
was <1 per month.
The median age for patients was 38 years (range 20–70
years). Among the 16 case-patients, 4 (25%) were resi-
dents of Kane County, 8 (50%) were from 5 counties bor-
dering Kane County, and 4 (25%) were from 4 other
counties in northern Illinois (Figure 2).
Thirteen case-patients (81%) had an acute, viral-like ill-
ness within 1 month before onset of myocarditis. Two
female patients, 26 and 39 years of age, had ventricular
fibrillation that required an automatic implantable car-
dioverter defibrillator (AICD) and recovered. There were 2
deaths (see online Table 1, available at http://www.cdc.
gov/ncidod/EID/vol11no10/04-1152.htm#table1).
No common exposures could be identified among the
patients. None of the patients had recently been vaccinated
for smallpox.
Information on acute serologic testing for group B cox-
sackievirus performed at hospitals was known for 5
patients. Two patients (patients 11 and 14) had elevated
antibody titers to group B coxsackievirus. Patient 14 had a
convalescent-phase serum specimen collected for group B
coxsackievirus antibody testing that had a 2-fold greater
titer than the acute-phase sample. Acute serologic testing
for echovirus was performed for 2 patients; results were
positive for patient 14 and negative for patient 13. Patient
14 also had an elevated acute-phase influenza B antibody
titer but a negative convalescent-phase antibody titer.
Patient 12 had no change in acute- and convalescent-
phase–positive titers for group B coxsackievirus (online
Table 2, available at http://www.cdc.gov/ncidod/EID/
vol11no10/04-1152.htm#table2).
IDPH laboratory cultured nasopharyngeal (n = 5), urine
(n = 6), stool (n = 6), and myocardial tissue (n = 1) speci-
mens from 9 patients for enterovirus viral isolation. All
cultures were negative. Among specimens (serum samples
from 11 patients and myocardial tissue from 2 patients)
tested for enterovirus and adenovirus by PCR and enzyme
immunoassay, all were negative (online Table 2).
For the 2 patients with fatal cases, the primary autopsy
diagnosis was acute myocarditis. Autopsy tissue speci-
mens from the 1 case-patient submitted to CDC were neg-
ative for viral agents (patient 1).
Conclusions
An outbreak of myocarditis of unknown cause occurred
among adults in Kane County (population 400,000) and
adjacent areas during winter and early spring 2003.
Surveillance for myocarditis cases was initiated through-
out Illinois in March and April, although clustering of
cases was only evident in and limited to Kane County and
surrounding communities. The reporting of myocarditis
cases from other counties likely reflected baseline rates of
idiopathic myocarditis in those populations that only came
to the attention of public health officials through enhanced
surveillance.
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Figure 1. Reported myocarditis case-patients by month of hospital
admission, northern Illinois, 2003. (N = 15 because the exact date
of admission to hospital was unknown for 1 patient.). No common exposures were identified among case-
patients. The outbreak occurred within the same period
that adverse events of myopericarditis were being reported
after smallpox vaccinations among military and healthcare
personnel in the United States, including Illinois (12);
however, no patients in this outbreak had recently been
vaccinated against smallpox. Most illnesses were preceded
by a prodrome that suggested the outbreak was viral in ori-
gin. Substantial illness and death occurred in these report-
ed cases. All reported patients were hospitalized, 2
required AICD devices, and 2 deaths occurred, a reminder
of the severe sequelae associated with this illness.
Despite extensive laboratory testing on submitted spec-
imens, no specific agent was identified. Cross-reactivity of
group B coxsackievirus serology with several agents was
apparent from initial laboratory tests performed at the hos-
pitals. These results were insufficient to support a specific
cause of illness. Tissue specimens from only 3 of the 16
patients were available for testing, which was a major lab-
oratory limitation in the investigation, particularly for
detecting viral nucleic acid by PCR assays. The inability to
implicate a responsible agent is a common outcome of
myocarditis outbreak investigations (1,13). 
Abetter understanding of myocarditis through enhanced
diagnostic and therapeutic strategies, increased awareness
of possible clusters of illness, and rapid reporting of
clusters to public health departments will help improve pre-
vention of future outbreaks. Recent biopsy-based studies
suggest that a proportion of life-threatening myocarditis or
idiopathic cardiomyopathy in otherwise healthy adults may
arise from enteroviral and cytomegalovirus infections
(14,15). Research is needed to assess the effect of potential
antiviral treatment on illness and death in this patient pop-
ulation. In addition to encouraging appropriate viral testing
of acute- and convalescent-phase serologic specimens,
further study is required to examine the usefulness of
endomyocardial tissue collection for advanced molecular
analyses in patients with unexplained cardiomyopathy.
Appendix
Selected Codes for Myocarditis and Pericarditis from the
International Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM).
Myocarditis: 422.90, 422.92, 422.93, 422.99
Other primary cardiomyopathies: 42.4
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The Worriers' Guild
Philip F. Deaver
Today there is a meeting of the
Worriers' Guild,
and I'll be there.
The problems of Earth are
to be discussed
at length
end to end
for five days
end to end
with 1100 countries represented
all with an equal voice
some wearing turbans and smocks
and all the men will speak
and the women
with or without notes
in 38 languages
and nine different species of logic.
Outside in the autumn
the squirrels will be
chattering and scampering
directionless throughout the town
because
they aren't organized yet.
From How Men Pray, copyright 2005 by Philip F. Deaver.
Used by permission of Anhinga Press, Tallahassee, FL, USA,
and the author.
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